The organic matter in the sea is unevenly distributed between the living plant and animal population, the suspended detritus, the organic matter in the sea bottom, and that present in the water in true and in colloidal solution. The living forms and the detritus make up only a small part of the total organic matter in the sea; the ratio between the organic matter in solution and that present in the total plankton was found to range from 7: 1 (Gran and Ruud, 1926) to 300:1 (Krogh, 1934a) .
DECOMPOSITION OF ORGANIC MATTER IN WATER
Thefunction of bacterial activities in the transformation of organic matter in sea water is thus shown to comprise two distinct processes: (1) the decomposition of the organic matter, resulting in the liberation of at least a part of the elements in forms (CO2, NH3, P04) available for diatom and algal nutrition; (2) the assimilation of some of the dissolved organic substances and their transformation into bacterial cells, which in their turn can be used as sources of food for marine animals.
EXPERIMENTAL
Course of bacterial development in stored sea water The bacterial content of the water was determined by means of the plate method, which gives only the viable bacteria capable of developing on a specific medium. The results thus obtained represent only a fraction of the total number of bacteria, viable and dead, present in the water. A direct microscopic examination gave about 200 times as many organisms, the ratio becoming narrower upon addition of fresh organic matter. With due recognition of the limitations involved in the use of the plate method for measuring the abundance of bacteria in a natural substrate such as sea water, it was felt that this method is still most reliable for comparative purposes. An agar medium, previously found (Reuszer, 1933) to give good comparative results for determining numbers of bacteria in fresh sea water, was used. Several dilutions of the water were prepared and, whenever possible, only those plates which had 20 to 200 colonies were selected for counting. The plates were usually incubated for two to seven days, at room temperature (220 to 250C.), unless otherwise stated. Oxygen was determined in the water by a modification of Winkler's method and ammonia by Krogh's method (1934b) .
In a preliminary experiment on bacterial multiplication in stored sea water, samples of water were obtained near the dock at Woods Hole Harbor. The water was filtered through paper and kept in the laboratory exposed to light. Rapid multiplication of the bacteria took place, the numbers increasing from 85 cells in 1 cc. of fresh water to 1070 in twenty-four hours and to 157,000 cells within four days. It was soon found, however, that light had an injurious effect upon bacterial development. In subsequent experiments, therefore, the water was kept in the dark, either in flasks plugged with cotton or in glass-stoppered bottles immersed under water.
The results of a typical experiment on bacterial multiplication in stored sea water, without and with the addition of different organic substances, are shown in figure 1. figure 2 represent averages of the results obtained for the two samples, since the numbers ran parallel in the water from both stations. The most rapid development of the bacteria took place at 300C.; the maximum was attained within three days at this temperature, as well as at 250C. At 60C., the rate of bacterial multiplication was very slow; however, the increase continued even after ten days incubation, so that on that day there were more bacteria in the water which had been kept at the lower than at the higher temperature, i.e., the maximum at the lower temperature was attained after a longer period of time. These results were confirmed by the use of water taken at a distance from shore. Bacterial multiplication in filtered sea water Bacterial development in stored sea water takes place at the expense of the organic matter suspended or dissolved in the water. The addition of a small amount of organic matter of a type comparable in chemical nature to that which is found in the sea has a decided stimulating effect upon bacterial multiplication. In order to throw light upon the specific nature of the organic matter in the water and its transformation as a result of bacterial action, three methods of attack suggest themselves, namely, (1) the separation of the organic matter by filtration of the water through different types of filters; (2) the study of the decomposition of the organic matter in water obtained from different depths, in relation to the photosynthetic zone; (3) the decomposition of different forms of organic matter added to the water.
Several methods of filtration were used in these experiments: (1) filtration through ordinary filter paper, hardened paper, or glass filters, thereby removing the coarser suspended particles and most of the plankton forms; (2) filtration through Seitz and membrane filters, which remove the bacteria as well; (3) colloidal filtration, thus leaving in the water only the substances present in true solution (Krogh, 1934b) . The water filtered through Seitz, membrane and colloidal filters was always reinoculated with either fresh water or water kept for eighteen to twenty-four hours in the laboratory, whereby an enriched water culture was obtained. The vacuum produced in the filtration of the water through Seitz or membrane filters reduced the oxygen tension of the water, so as to make conditions unfavorable for the growth of the normal aerobic bacterial population commonly found in sea water; the water thus filtered was subsequently shaken for thirty to sixty minutes, to resaturate it with oxygen.
A quantity of water was obtained from the Great Harbor and separated into four portions: one was filtered through ordinary qualitative paper and is spoken of as fresh water; one was passed through a sinter filter; one was filtered through a Seitz filter; and one was ultra filtered. The water was inoculated and distributed in glass stoppered bottles; these were immersed in a water bath at 200 to 22"C. After definite intervals, the oxygen content was determined in some of the bottles, while others were used for bacterial counts and ammonia determinations.
Only the results obtained for the fresh and sinter-filtered water are reported in figure 4. A definite parallelism was found to exist between bacterial multiplication, oxygen absorption and ammonia formation. In the case of the fresh water, Extensive bacterial multiplication took place in both the Seitz and ultra-filtered water; this was accompanied by oxygen absorption. In shaking the Seitz-filtered water, considerable ammonia was absorbed from the laboratory air, while only a small amount of colloid-filtered water was available; hence the results of bacterial activities in these portions of water are not reported; the fact was demonstrated, however, that the organic matter present in the water in true solution can be readily utilized by bacteria.
To determine the influence of the oxygen concentration of the water upon bacterial development, a quantity of fresh water was passed through a Seitz-filter. One-half of the filtered water was allowed to remain undisturbed, while the other half was thor- rapid oxygen consumption. In the mixed water, the rate of bacterial multiplication was reduced by a decrease in oxygen content; however, a gradual adjustment of the bacteria to the diminished oxygen tension was observed. This modification of the bacterial activities obtained by reducing the oxygen tension of the water is of such distinct interest that, before the subject has been studied in further detail and before the modifications in the physical and chemical conditions of the water, such as change in hydrogen-ion concentration, are better understood, no broad generalizations can be made. The results of another experiment, in which a greater variety of filters were used and in which an attempt was made to determine the effect of substances removed from the filter itself upon bacterial activities, are presented in table 2. The first few hundred cubic centimeters of the filtered water were discarded, and two subsequent portions used. The bacteria were again found capable of utilizing the organic matter present in the water in true solution. It is of interest to note that in the normal water and in the water modified by the addition of organic matter, as well as in the water incubated at different temperatures, there was a definite parallelism between bacterial multiplication and oxygen consumption, but not in the water filtered through fine filters. This may either be due to the development of specific bacteria which grow on the particular forms of organic matter left in the water, or to some specific effect of the filter upon the organic substances in the water. Attention is also called to the high numbers of bacteria in the water passed through the Seitz and colloidal filters.
The influence of depth of water upon bacterial multiplication and oxygen consumption is illustrated in table 3. In the case of the water obtained from the Gulf of Maine Station, the greatest activities took place in the water from 40 meters depth and then diminished above and below that zone. No such regularity was observed in the water taken from George's Bank, probably due to the constant mixing of the water at this station. Water was also obtained by means of Nansen bottles from station 2247 (latitude 390 43', longitude 690 53'), to a depth of 1800 meters.
The greatest bacterial multiplication took place in the water taken at a depth of 50 meters, or within the photosynthetic zone; 1. When sea water is placed in glass containers and stored in the laboratory or in the sea, rapid multiplication of the bacteria takes place.
2. The bacteria multiply at the expense of the organic matter present in the water in suspension and in solution, as measured by an increase in oxygen consumption.
3. The maximum development of bacteria takes place within two to three days, at 20°to 300C. At lower temperatures, the rise in bacterial activities is much slower; however, in time they may attain as high if not a higher maximum than at the higher temperature.
4. The oxygen concentration of the water is highly important for bacterial activities; at a reduced oxygen tension, the organic matter of the water is attacked with considerable difficulty.
5. In the decomposition of the organic matter in the water by bacteria, a definite parallelism was obtained between bacterial multiplication, oxygen consumption and liberation of nitrogen in an available form.
6. These results lead to the conclusion that sea water contains sufficient organic matter in true solution, to support, under favorable conditions, an extensive bacterial population.
